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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the reliability of 
a piezoelectric element by composing piezoelectric 
element of a first electrode conductor thin film for 
driving it, a piezoelectric thin film formed thereon, and at 
least one second electrode thereby enhancing the 
performance of the piezoelectric thin film. 
SOLUTION: A lower underlying film 102 of SiNx is 
formed on an Si single crystal substrate 101 and an 
upper underlying film 103 of Si02 is formed thereon. A 
Pt/Ti film is then formed as a lower electrode (first 
electrode) 104 on the upper underlying film 103 and a 
piezoelectric thin film 105 is formed by depositing 
PtTi03 on the lower electrode 104. Subsequently, an 
upper electrode (second electrode) 106 of formed of 
Pt/Ti film on the piezoelectric thin film 105. Finally, the 
surface of the substrate 101 is covered with glass and 
wax and the part corresponding to the upper electrode 
1 06 is removed completely from the rear surface by wet 
etching. A compact piezoelectric thin film 105 can be 
formed through existence of the upper underlying film 103 
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(57) [Abstract] 

[Technical problem] The engine performance of a piezo electric crystal 
thin film improves, and a piezo electric crystal thin film with the high 
dependability of a component is offered. 

[Means for Solution] In the piezo electric crystal thin film which comes 
to carry out the laminating of the substrate film, an electrode 104, and 



the piezo electric crystal thin film 105 on a substrate 101, the two or 
more layers substrate film consists of 102 and 103. Thereby, a function 
is made to share with each substrate film, and the engine performance of 
a component is improved. For example, the adhesion of the substrate film 
and the film of the upper layer and the compactness of a piezo electric 
crystal thin film can be improved. 




[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo electric crystal thin film which consists of a 
substrate, two or more substrate film which carried out sequential 
formation on the substrate, the conductor thin film which is the 1st 



electrode which was formed on the substrate film, and which drives a 
piezo electric crystal, a piezo electric crystal thin film formed on the 
conductor thin film, and 2nd at least one electrode formed on the piezo 
electric crystal thin film. 

[Claim 2] The piezo electric crystal thin film which consists of at 
least one electrode formed on the substrate and the substrate at one 
side of two or more substrate film which carried out sequential 
formation, the piezo electric crystal thin film formed on the substrate 
film, and a piezo electric crystal thin film. 

[Claim 3] The piezo electric crystal thin film indicated by claim 1 or 
claim 2 to which one in two or more above-mentioned substrate film was 
characterized by using any one or more of silicon nitride, silicon oxide, 
tantalum oxide, an aluminum oxide, and the magnesium oxides as a 
principal component. 

[Claim 4] The piezo electric crystal thin film indicated by either of 
claim 1 to claims 3 characterized by the above-mentioned piezo electric 
crystal thin film using any one or more of lead titanate, titanic-acid 
lead zirconate, a zinc oxide, and the alumimium nitride as a principal 
component. 

[Claim 5] The piezo electric crystal thin film indicated by either of 
claim 1 to claims 4 characterized by the above-mentioned conductor thin 
film using at least one in platinum, iridium, a ruthenium, and ruthenium 
oxide as a principal component at a titanium list. 

[Claim 6] The piezo electric crystal thin film indicated by either of 
claim 1 to claims 5 characterized by the above-mentioned substrate 
consisting of single crystal silicon or single crystal gallium arsenide. 
[Claim 7] The piezo electric crystal thin film indicated by claim 1 to 
which the above-mentioned substrate is characterized by having the 
configuration where the part of a piezo electric crystal thin film which 
touches the oscillating section at least was removed. 
[Claim 8] The piezo electric crystal thin film indicated by claim 7 
which the substrate film which touches the substrate in two or more 
above-mentioned substrate film by a substrate consisting of single 
crystal silicon uses silicon nitride as a principal component, and is 
characterized by for the substrate film which touches a conductor thin 
film using silicon oxide as a principal component, for a conductor thin 
film using titanium and platinum as a principal component, and a piezo 
electric crystal thin film using lead titanate as a principal component. 



[Translation done. ] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the component 
adapting the piezo electric crystal thin film used in extensive fields, 
such as a filter for a communication link, and various sensors. 
[0002] 

[Description of the Prior Art] The component adapting piezoelectric 
phenomena is used in the extensive field. The component using a piezo 
electric crystal thin film mainly forms on a substrate a piezo electric 
crystal thin film and the electrode which drives a piezo electric 
crystal. Depending on the need, the substrate film is further added on a 
substrate, and the property of a component is improved. Such a piezo 
electric crystal thin film is manufactured as follows. The substrate 
film which consists of a dielectric thin film or a conductor thin film 
by the various thin film formation approaches is formed on substrates, 
such as a semi-conductor single crystal. A piezo electric crystal thin 
film is formed on the substrate film, and a superstructure is formed 
further if needed. After formation of each class, or after forming all 
layers, patterning is performed by performing physical processing or 
chemical preparation to each film. A piezo electric crystal thin film is 
obtained by finally dissociating per one element. In the case of the 
component which uses the supersonic wave by bulk vibration of a piezo 
electric crystal thin film especially, in order to make easy vibration 
of a piezo electric crystal thin film, the floating construction which 
removed the part located under the oscillating section from the 
substrate is adopted. For example, the piezo electric crystal thin film 
indicated by JP, 6-350154, A removes the substrate part under the part 
which serves as the oscillating section from a substrate rear face, 
after forming the substrate film, a lower electrode, a piezo electric 



crystal thin film, and an up electrode on a substrate. 
[0003] 

[Problem (s) to be Solved by the Invention] By the way, in the component 
adapting a piezo electric crystal thin film, the substrate film is used 
in order to raise the property of a component. To the substrate film, to 
have many functions, such as electric insulation, a mechanical strength, 
tensile stress, a superstructure, for example, good adhesion with an 
electrode layer, and chemical stability to an ambient atmosphere, on a 
component property and dependability is needed. For example, the 
substrate film must not produce sound loss of a piezo electric crystal, 
and must not produce stress in a piezo electric crystal. Moreover, in 
manufacture of a component, and an operating environment, it must be 
chemically stable. However, it was very difficult to obtain the 
substrate film on which all demands may be satisfied. Moreover, in order 
to form floating construction in a piezo electric crystal thin film, in 
many cases, the process which etches a substrate from the rear face of a 
substrate is taken. The chemical stability which bears this etching 
process is needed for the substrate film. When the substrate film is 
asked for high process resistance and priority is given to this over it, 
the principal component of the substrate film is limited. However, when 
the substrate film over which priority was given to process resistance 
is used, while the stability of an etching process increases, it is not 
necessarily enough for the adhesion over a conductor thin film and a 
piezo electric crystal thin film, or the property to which high quality 
formation of these film is urged. 

[0004] The purpose of this invention is the engine performance of a 
piezo electric crystal thin film improving, and offering a piezo 
electric crystal thin film with the high dependability of a component. 
[0005] 

[Means for Solving the Problem] The 1st piezo electric crystal thin film 
concerning this invention consists of a substrate, two or more substrate 
film which carried out sequential formation on the substrate, the 
conductor thin film which is the 1st electrode which was formed on the 
substrate film, and which drives a piezo electric crystal, a piezo 
electric crystal thin film formed on the conductor thin film, and 2nd at 
least one electrode formed on the piezo electric crystal thin film. 
Moreover, the 2nd piezo electric crystal thin film concerning this 
invention consists of at least one electrode formed on the substrate and 
the substrate at one side of two or more substrate film which carried 
out sequential formation, the piezo electric crystal thin film formed on 
the substrate film, and a piezo electric crystal thin film. Preferably, 



one of two or more of the above-mentioned substrate film uses any one or 
more of silicon nitride, silicon oxide, tantalum oxide, an aluminum 
oxide, and the magnesium oxides as a principal component. Moreover, it 
is preferably characterized by the above-mentioned piezo electric 
crystal thin film using any one or more of lead titanate, titanic-acid 
lead zirconate, a zinc oxide, and the alumimium nitride as a principal 
component. Moreover, the above-mentioned conductor thin film uses at 
least one in platinum, iridium, a ruthenium, and ruthenium oxide as a 
principal component preferably at a titanium list. Moreover, the above- 
mentioned substrate consists of single crystal silicon or single crystal 
gallium arsenide preferably. Moreover, it has preferably the 
configuration where the above-mentioned substrate removed the part of a 
p f iezo electric crystal thin film which touches the oscillating section 
at least. Here, preferably, a substrate consists of single crystal 
silicon, the substrate film which touches the substrate in two or more 
above-mentioned substrate film uses silicon nitride as a principal 
component, the substrate film which touches a conductor thin film uses 
silicon oxide as a principal component, a conductor thin film uses 
titanium and platinum as a principal component, and a piezo electric 
crystal thin film uses lead titanate as a principal component. 
[0006] 

[Embodiment of the Invention] The 1st piezo electric crystal thin film 
concerning this invention consists of a substrate, two or more substrate 
film which carried out sequential formation on the substrate, the 
conductor thin film which is the 1st electrode (lower electrode) which 
was formed on the substrate film, and which drives a piezo electric 
crystal, a piezo electric crystal thin film formed on the conductor thin 
film, and 2nd at least one electrode (up electrode) formed on the piezo 
electric crystal thin film. This piezo electric crystal thin film is a 
resonator, a filter, and an oscillator. A voltage controlled oscillator 
can be constituted by combining with a resonator and an electrical- 
potential-difference generating circuit. Moreover, as a filter, by 
combining two or more electrodes, the filter which performs filtering 
and removal of a specific frequency in the combination of at least one 
pair of electrodes can be formed, and a multistage connection filter can 
be formed by combining two or more pairs of electrodes. 
[0007] Moreover, the 2nd piezo electric crystal thin film concerning 
this invention consists of at least one electrode formed on the 
substrate and the substrate at one side of two or more substrate film 
which carried out sequential formation, and a piezo electric crystal 
thin film. This piezo electric crystal thin film is a surface acoustic 



element in which two Kushigata electrodes were formed for example, on 
the piezo electric crystal front face. 

[0008] In these piezo electric crystal thin films, since two or more 
layers constitute the substrate film, each substrate film can share the 
function and the optimal configuration to many component properties is 
realized. It is effective in quality improvement of the engine 
performance of a piezo electric crystal thin film, and the improvement 
in dependability of a component to take such structure, and it can 
improve the yield. For example, when using the two-layer substrate film, 
the configuration with which may be satisfied of the property required 
of the substrate film is realized by forming chemically the 2nd 
substrate film which excelled the 1st substrate film in adhesion with 
compactness, a conductor thin film, or a piezo electric crystal thin 
film, a property of urging quality improvement of these film, etc. which 
are formed on a substrate on the stable 1st substrate film. Thereby, it 
excels in high performance and process stability, and dependability and 
the high piezo electric crystal thin film of the yield are offered. 
Moreover, when using the substrate film of three layers, the piezo 
electric crystal thin film excellent in the adhesion of the substrate 
film and the film of the upper layer is offered by using the film 
excellent in adhesion as the 3rd substrate film which touches the lower 
electrode or piezo electric crystal thin film which consists of a 
conductor thin film. 

[0009] Moreover, as the quality of the material which supports adhesion 
with an electrode etc., and quality improvement of the upside 
configuration film, if smooth nature is thought as important, silicon 
oxide, silicon nitride, etc. are desirable, and if crystallinity and a 
stacking tendency are thought as important, a magnesium oxide, an 
aluminum oxide, etc. can be mentioned. 

[0010] Furthermore, since compressive stress exists, in order to offset 
this, silicon nitride or tantalum oxide etc. which has tensile stress is 
effective [ the common film ], when you need stress adjustment. These 
film applies by combining appropriately according to the application 
situation. 

[0011] Here, the vocabulary of a "piezo electric crystal" is used as 
what points out all the ingredients that produce piezoelectric phenomena, 
and does not limit the function to change an electrical signal into 
mechanical vibration, or this reverse function only to the mainly used 
ingredient kind. Therefore, in the piezo electric crystal described here, 
the ingredient kind applied as an ingredient with the function which 
made a ferroelectricity and pyroelectricity the subject is also included. 



[0012] Moreover, there is especially no limit also as a piezo electric 
crystal thin film which can be applied, and many, such as lithium 
niobate, Xtal, a titanic-acid bismuth, and a niobic acid potassium, are 
mentioned. Especially, formation temperature etc. to thin film formation 
is easy for titanic-acid lead zirconate, lead titanate, a zinc oxide, 
alumimium nitride, etc. , and they are suitable. 

[0013] The two-layer configuration which combined Ti, Cr, Ta, W, Zr, Nb, 
etc. with stable Pt, Ir, Ru, Ru02, Ir02 and SrRu02, or these as an 
adhesion layer in the membrane formation environment as conductive thin 
film electrode material when producing these piezo electric crystal thin 
films is good. It is especially chemically the most stable and 
combination with Ti which shows at least one in Pt, Ir, Ru, and Ru02 
with low resistance and strong adhesion is suitable. 
[0014] Since substrate removal is needed in the case of the component 
structure of having the above-mentioned floating construction, the up 
substrate film which the lower substrate film which touches a substrate 
is chemically stable, and is film excellent in etching-proof nature, and 
is formed on it turns into film which can support the configuration of 
the upper part on structure and a property. In this case, when 
deterioration of the lower substrate film arises by formation of the up 
substrate film, it is effective as middle substrate film of both the 
substrates film to pinch a reaction control layer. Moreover, when 
deformation by the residual stress of the whole structure poses a 
problem, it is also very effective to use an up layer, a lower layer, or 
an interlayer as a stress adjustment layer. Since the resistance over 
the alkali solution used abundantly at above-mentioned floating 
construction formation is needed as the quality of the material optimal 
as such substrate film, silicon nitride, thermal oxidation silicon, 
tantalum oxide, a magnesium oxide, an aluminum oxide, etc. can be 
mentioned. 

[0015] When producing the component which has floating construction, 
substrate etching by the alkali solution is effective. In this case, it 
is effective to use a silicon single crystal or a gallium-arsenide 
single crystal for a substrate at the point that accumulation nature or 
the abundant existing process datas with a circumference component can 
be used. 

[0016] Since the component which has especially floating construction 
can prevent exsorption of the vibrational energy to the substrate 
section to the component adapting piezo-electric resonance, it is very 
effective. It can mention as a combination which has the property 
excellent in a silicon single crystal, silicon nitride, silicon oxide, 



platinum/titanium, and lead titanate as a concrete configuration of the 
component using piezo-electric resonance. Moreover, if air wiring by the 
air bridge performs electrical installation of the resonance section of 
these components, and the resonance section exterior, it is effective to 
prevention of increase of the parasitic capacitance generated when front 
wiring is performed, and the open-circuit prevention by the high rank 
conduct-of-business line. 

[0017] Hereafter, with reference to an attached drawing, the gestalt of 
operation explains this invention concretely. In addition, in a drawing, 
the same reference designator shows a same or equivalent thing. 
[0018] Drawing 1 shows the structure of the piezo electric crystal thin 
film in the 1st example of the gestalt of operation of the 1st of this 
invention in graph. This piezo electric crystal thin film is a resonator 
which has the resonance section which consists of a piezo electric 
crystal thin film and a conductor thin film. First, the lower substrate 
film 102 which consists of SiNx was formed on Si single crystal 
substrate 101. Thickness was set to lOOnm at the membrane formation 
approach using p-CVD method. SiH4, NH3, and nitrogen were used for 
reactant gas. The flow rate of SiH4 and NH3 is controlled, and the SiNx 
film had tensile stress. Substrate temperature at the time of membrane 
formation was made into 350 degrees C. 

[0019] Next, the up substrate film 103 which consists of Si02 was formed 
on the lower substrate film 102. The membrane formation approach used 
TE0S for the raw material using p-CVD method. Thickness was set to 2 
micrometers. Substrate temperature at the time of membrane formation was 
made into 300 degrees C. Although there is especially no limit in the 
formation technique of the substrate film, the CVD method is especially 
effective from the speed of the membrane formation rate which realizes 
being easily realizable and it, and the height of a throughput, also 
when the ease of the stress adjustment by condition modification and 
thick thickness are required. Here, in order to make the residual 
reactant gas which carried out occlusion emit in the substrate film 102 
and 103, baking was performed in N2 ambient atmosphere for 1000 degrees 
C and 3 hours. 

[0020] Then, the Pt/Ti film was formed as a lower electrode 104 on the 
up substrate film 103. Ti was formed as an adhesion layer between Si02 
film and Pt. Thickness could be Ti:50nm and Pt:l50nm. Membrane formation 
used Ar for sputtering gas using the RF magnetron sputtering method. 
Temperature at the time of membrane formation was made into 600 degrees 
C. 

[0021] Next, on the lower electrode 104, PtTi03 was formed and the piezo 



electric crystal thin film 105 was formed. The RF magnetron sputtering 
method was used for the membrane formation approach. The substrate 
temperature at the time of membrane formation used the mixed gas of Ar 
and 02 for 600 degrees C and sputtering gas. Thickness of the piezo 
electric crystal thin film 105 was set to 1 micrometer. 
[0022] Next, the up electrode 106 which consists of Pt/Ti film was 
formed on the piezo electric crystal thin film 105. The up electrode 106 
was formed with vacuum deposition, and was formed in the predetermined 
configuration by the lift-off method. Here, it considered as the 
configuration of 100 micrometers * 100 micrometers. The thickness of the 
up electrode 106 could be Pt:70nm and Ti:30nm. Membranes were formed at 
the substrate temperature of 25 degrees C. 

[0023] Next, the substrate front face was covered with glass and a wax, 
and wet etching removed completely the part corresponding to the part in 
which the up electrode 106 was formed from the rear face in the 
substrate 101. This removed the part of a piezo electric crystal thin 
film which touches the oscillating section at least from the substrate 
101. Anisotropic etching was performed to the etching reagent at 70 
degrees C of solution temperature using the 5wt%K0H water solution, and 
the Bahia hall 107 was formed. When a substrate was dissolved completely, 
etching was able to be suspended with the substrate film 102. In this 
way, the piezo electric crystal thin film was produced. 
[0024] Drawing 2 shows the image which observed the cross section of the 
produced piezo electric crystal thin film with the scanning electron 
microscope (SEM). Drawing 2 shows that the precise piezo electric 
crystal thin film has been formed by existence of the up substrate film 
103. Moreover, it turns out that neither exfoliation nor generating of 
bulging is between the up substrate film 103 and the lower electrode 
(Ti) 104, and it excels in adhesion. 

[0025] Next, the example of the 1st comparison using an one-layer 
substrate layer is explained. Drawing 3 shows the graph-sectional view 
of the piezo electric crystal thin film produced in the example of the 
1st comparison. The substrate film 102 which consists of SiNx was formed 
on the substrate 101, and the lower electrode 104 which consists of 
Pt/Ti film was formed on the substrate film 102. The piezo electric 
crystal thin film was produced like the gestalt of above-mentioned 
operation except [ all ] not forming the substrate film 103. 
[0026] The SEM image of the cross section of the piezo electric crystal 
thin film obtained by drawing 4 is shown. As compared with drawing 2 
which shows the piezo electric crystal thin film of the component of the 
gestalt of the 1st operation, it is clear that the piezo electric 



crystal thin film's of the example of the 1st comparison it is not 
precise. And in drawing 5 , the bulging 110 as shown by the arrow head 
was generated. Since the adhesion of the substrate film 102 which 
consists of SiNx film, and Ti is not good, this bulging 110 is generated. 
[0027] Next, the 2nd example of the piezo electric crystal thin film in 
the gestalt of operation of the 1st of this invention is explained. The 
lower substrate film 102 which consists of SiNx film was formed lOOnm of 
thickness on Si single crystal substrate 101. On the lower substrate 
film 102, 200nm of up substrate film 103 which consists of aluminum 203 
by the RF magnetron sputtering method was formed. The mixed gas of NH3, 
02, N2, and Ar was used for reactant gas at the target using aluminum. 
Membrane formation temperature was made into 300 degrees C. The other 
production approaches produced the piezo electric crystal thin film like 
the 1st example. The cross section of a piezo electric crystal thin film 
was observed with the scanning electron microscope. Although not 
illustrated, it turned out that there is also no exfoliation and the 
precise piezo electric crystal thin film is formed. 

[0028] Next, the 3rd example of the piezo electric crystal thin film in 
the gestalt of operation of the 1st of this invention is explained. On 
Si single crystal substrate 101, the lower substrate film 102 which 
consists of Si02 film was formed 200nm of thickness. 500nm of up 
substrate film 103 which consists of MgO by the RF magnetron sputtering 
method was formed on the lower substrate film 102. The mixed gas of 02 
and Ar was used for reactant gas at the target using Mg. Membrane 
formation temperature was made into 300 degrees C. The other production 
approaches produced the piezo electric crystal thin film like the 1st 
example. The cross section of a piezo electric crystal thin film was 
observed with the scanning electron microscope. It is forming [ the 
adhesion between the substrate film 103 and the lower electrode 104 is 
good, and ]-precise piezo electric crystal thin film ****** although not 
illustrated. 

[0029] Next, the piezo electric crystal thin film of the 4th example in 
the gestalt of operation of the 1st of this invention is explained. The 
sulfuric-acid system etching reagent performed method etching of ** from 
the rear face to the substrate using the GaAs single crystal substrate. 
Other production approaches were performed like the gestalt of the 1st 
operation, and produced the piezo electric crystal thin film. Although 
not illustrated, the adhesion between the substrate film 103 and the 
lower electrode 104 of the obtained piezo electric crystal thin film was 
good, and it turned out that the precise piezo electric crystal thin 
film is formed. Moreover, the substrate film 103 had tensile stress and 



it turned out that there is effectiveness of stress adjustment. 
[0030] Next, the piezo electric crystal thin film in the 2nd example of 
a comparison is explained. lOOnm of substrate film 102 which consists of 
Si02 was formed using the GaAs single crystal substrate. Others produced 
the piezo electric crystal thin film like the 4th example of the gestalt 
of the 1st operation. Although exfoliation was not produced between the 
substrate film 102 and the lower electrode 104, it turned out that a 
piezo electric crystal thin film is not precise like the example of the 
1st comparison. Furthermore, since all the internal stress of the 
substrate film 102, the lower electrode 104, and the piezo electric 
crystal thin film 105 was these directions, since great stress joined 
the substrate, the substrate deformed, and the problem of being inferior 
to component dependability arose. 

[0031] The 5th example of the piezo electric crystal thin film in the 
gestalt of operation of the 1st of this invention is explained. Like the 
1st example, after forming the substrate film 102 and 103, the lower 
electrode 104 which consists of Ir/Ti was formed. The formation approach 
of a lower electrode was performed by the RF magnetron sputtering method, 
and used Ar gas at the substrate temperature of 300 degrees C. Each 
thickness was set to Ir:200nm and Ti:50nm. Furthermore, the Au/Ti film 
was used for the up electrode. Thickness could be Au:70nm and Ti'30nm. 
The membrane formation approach used vacuum deposition. All of a piezo 
electric crystal film formation process, a substrate etching process, 
etc. were performed like the 1st example of the gestalt of the 1st 
operation, and they produced the piezo electric crystal thin film. 
Although not illustrated, exfoliation was not produced between the 
substrate film 103 and the lower electrode 104. Moreover, it turned out 
that the precise piezo electric crystal thin film has been obtained. 
[0032] The 6th example of the piezo electric crystal thin film in the 
gestalt of operation of the 1st of this invention is explained. After 
forming the substrate film 102 and 103 like the 1st example, the lower 
electrode 104 which consists of Pt/Ti was formed. The formation approach 
of a lower electrode was performed by the RF magnetron sputtering method, 
and used the substrate temperature of 600 degrees C, and Ar gas. Each 
thickness was set to Pt-150nm and Ti:30nm. Furthermore, the Au/Ti film 
was used for the up electrode. Thickness could be Au:70nm and Ti:30nm. 
The membrane formation approach used vacuum deposition. All of a piezo 
electric crystal film formation process, a substrate etching process, 
etc. were performed like the 1st example, and they produced the piezo 
electric crystal thin film. Although not illustrated, exfoliation was 
not produced between the substrate film 103 and the lower electrode 104. 



gestalt of operation of the 1st of this invention is explained. The 
piezo electric crystal thin film was produced like the 9th example. Here, 
the A1N thin film was used for the piezo electric crystal thin film 105. 
The A1N thin film was formed by RF magnetron sputtering. N2 was made 
into sputtering gas at the target using aluminum, and substrate 
temperature of 600 degrees C and thickness were set to 1 micrometer. 
Although not illustrated, the precise piezo electric crystal thin film 

105 was obtained good by the adhesion between the substrate film 103 and 
the lower electrode 104. 

[0037] Next, the filter in the gestalt of operation of the 2nd of this 
invention is explained. Drawing 6 shows the structure of the produced 
filter. In creation of this filter, the substrate film 102 and 103, the 
two-layer lower electrode 104, and the two-layer piezo electric crystal 
thin film 105 were formed like the 1st example of the gestalt of the 1st 
operation on Si single crystal substrate 101. It was made to arrange in 
parallel two pieces, having used the configuration of the up electrode 

106 as 20 micrometers * 100 micrometers. The membrane formation 
conditions of the up electrode 106 were made to be the same as that of 
the 1st example. Using the air bridge 108 formed by Au/Ti plating from 
each up electrode 106, it was made to connect with the pad 109 for 
electrode ejection, and considered as the electrode for 1/0. The rear 
face of Si single crystal substrate 101 was dissolved in anisotropic 
etching like the 1st example. In this way, the filter adapting a piezo 
electric crystal thin film was produced. Consequently, etching could be 
suspended by the substrate film 102 and the adhesion of the substrate 
film 103 and the lower electrode 104 was able to obtain the precise 
piezo electric crystal thin film 105 good. 

[0038] When the Q value of the piezoelectric film of the resonator shown 
in the 1st example of the gestalt of the 1st operation of the above and 
the resonator measured from the resonator produced in the example of the 
1st comparison was analyzed from measured value, the latter was 65 to 
the former having been 220. It is an index showing the magnitude of the 
loss produced in the case of propagation of an elastic wave, the Q value 
shown here is expressed with the formula of Q= l-/loss, and it means 
that it is low loss, so that a numeric value is large. Thus, chemically, 
it had the up substrate film 103 of the quality of the material precise 
in addition to stable lower substrate film 102 with little acoustical 
loss, and the effectiveness that acoustical loss of a piezo electric 
crystal thin film could be reduced also found a certain thing by forming 
the substrate film which consists of two or more layers. 
[0039] Next, the filter in the gestalt of operation of the 3rd of this 



invention is explained. Drawing 7 shows the structure of the produced 
filter. First, the lower substrate film 102 which consists of SiNx film 
was formed on Si single crystal substrate 101 at lOOnm of thickness. The 
middle substrate film 103 which consists of A1N was formed on the lower 
substrate film 102 at 2 micrometers of thickness. Here, the lower 
substrate film 102 was formed by the same approach as the 1st example of 
the gestalt of the 1st operation. The formation approach of the middle 
substrate film 103 used aluminum target by the RF magnetron sputtering 
method. The mixed gas of Ar and 02 was used for substrate temperature as 
650 degrees C and sputtering gas. Furthermore, the up substrate film 111 
which consists of Si02 was formed on the middle substrate film 103 at 
2.5 micrometers of thickness. The up substrate film 111 was formed by 
the same approach as the 1st example of the gestalt of the 1st operation. 
The laminating of each film was carried out like the gestalt of the 2nd 
operation on the substrate film 111, and the filter was produced. 
Consequently, the filter which has a precise piezo electric crystal thin 
film, and has a property with little acoustical loss like the gestalt of 
the 2nd operation was obtained. 

[0040] The surface acoustic element in the gestalt of operation of the 
4th of this invention is explained. Drawing 8 shows the structure of a 
surface acoustic element. First, the lower substrate film 102 which 
consists of SiNx, and the up substrate film 103 which consists of Si02 
were formed by the same approach as the 1st example of the gestalt of 
the 1st operation on Si single crystal substrate 101. Next, on the up 
substrate film 103, PtTi03 was formed and the piezo electric crystal 
thin film 105 was formed. Next, the crossover finger electrodes 114 and 
115 which consist of Pt/Ti were formed on the piezo electric crystal 
thin film 105. In this way, the piezo electric crystal thin film was 
produced. 

[0041] In addition, although the gestalt of the 1st operation explained 
the resonator, the gestalt of the 2nd and the 3rd operation explained 
the filter and the gestalt of the 4th operation explained the surface 
acoustic element, this invention is applicable to other various 
components with the configuration of an electrode. 
[0042] 

[Effect of the Invention] Two or more substrate film in which the 1st 
piezo electric crystal thin film concerning this invention carried out 
sequential formation on the substrate and the substrate, The conductor 
thin film which is the 1st electrode which was formed on the substrate 
film, and which drives a piezo electric crystal, The 2nd piezo electric 
crystal thin film which consists of a piezo electric crystal thin film 



Moreover, it turned out that the precise piezo electric crystal thin 
film has been obtained. 

[0033] The 7th example of the piezo electric crystal thin film in the 
gestalt of operation of the 1st of this invention is explained. After 
forming the substrate film 102 and 103 like the 1st example, the lower 
electrode 104 which consists of Ru02 was formed. The formation approach 
of a lower electrode was performed by the RF magnetron sputtering method, 
and set thickness to lOOnm using the substrate temperature of 300 
degrees C, and the mixed gas of Ar and 02. Furthermore, aluminum film 
was used for the up electrode. Thickness could be lOnm. The membrane 
formation approach used vacuum deposition. All of a piezo electric 
crystal film formation process, a substrate etching process, etc. were 
performed like the 1st example, and they produced the piezo electric 
crystal thin film. Although not illustrated, exfoliation was not 
produced between the substrate film 103 and the lower electrode 104. 
Moreover, it turned out that the precise piezo electric crystal thin 
film has been obtained. 

[0034] The 8th example of the piezo electric crystal thin film in the 
gestalt of operation of the 1st of this invention is explained. After 
forming the substrate film 102 and 103 and the lower electrode 104 on Si 
single crystal substrate 101 like the 1st example, the piezo electric 
crystal thin film 105 which consists of PZT was formed by the RF 
magnetron sputtering method. The piezo electric crystal thin film 105 
formed membranes to the mixed gas of Ar and 02, the substrate 
temperature of 650 degrees C, and 800nm of thickness, using the sintered 
compact of PZT as a target. Etching of the up electrode 106 and Si 
substrate was performed like the 1st example, and the piezo electric 
crystal thin film was produced. Although not illustrated, the precise 
piezo electric crystal thin film 105 was obtained good by the adhesion 
between the substrate film 103 and the lower electrode 104. 
[0035] The 9th example of the piezo electric crystal thin film in the 
gestalt of operation of the 1st of this invention is explained. The 
piezo electric crystal thin film was produced like the 8th example. Here, 
the ZnO thin film was used for the piezo electric crystal thin film 105. 
The ZnO thin film was formed by the RF magnetron sputtering method. 02 
was used for sputtering gas at the target using Zn. Substrate 
temperature was made into 500 degrees C, and thickness could make it 5 
micrometers. Consequently, the precise piezo electric crystal thin film 
105 was obtained good by the adhesion between the substrate film 103 and 
the lower electrode 104. 

[0036] The 10th example of the piezo electric crystal thin film in the 



formed on the conductor thin film, and 2nd at least one electrode formed 
on the piezo electric crystal thin film, and starts this invention It 
consists of at least one electrode formed on the substrate and the 
substrate at one side of two or more substrate film which carried out 
sequential formation, the piezo electric crystal thin film formed on the 
substrate film, and a piezo electric crystal thin film. That is, the 
substrate film consists of two or more layers. Thereby, the adhesion 
between the substrate film and the film of the upper layer and the 
quality of a piezo electric crystal thin film have been improved. 
Moreover, since the substrate film which touches having carried out 
eburnation of the piezo electric crystal thin film and a piezo electric 
crystal thin film is precise, the new effectiveness that acoustical loss 
of a piezo electric crystal thin film is reduced is acquired. Moreover, 
the residual stress of the whole piezo electric crystal thin film can be 
adjusted by adjusting the residual stress of each substrate film. 
Consequently, the engine performance, the dependability, and the yield 
of a piezo electric crystal thin film have been improved by leaps and 
bounds. 

[0043] Since one of the substrate film uses any one or more of silicon 
nitride, silicon oxide, tantalum oxide, an aluminum oxide, and the 
magnesium oxides as a principal component, the resistance over the 
alkali solution of the substrate film is high. Moreover, since a piezo 
electric crystal thin film uses any one or more of lead titanate, 
titanic-acid lead zirconate, a zinc oxide, and the alumimium nitride as 
a principal component, thin film creation is easy. Moreover, since a 
conductor thin film uses at least one in platinum, iridium, a ruthenium, 
and ruthenium oxide as a principal component at a titanium list, the 
conductor thin film is chemically stable, and excellent in adhesion. 
Moreover, since a substrate consists of single crystal silicon or single 
crystal gallium arsenide, the substrate film of various properties can 
be chosen. Moreover, since it has the configuration where the above- 
mentioned substrate removed the part of a piezo electric crystal thin 
film which touches the oscillating section at least, exsorption of the 
vibrational energy to the substrate section is prevented with this 
configuration. Moreover, the component which was chemically excellent in 
the engine performance as stable film in the substrate film which 
touches a substrate since the substrate film which the substrate film 
which a substrate consists of single crystal silicon and touches the 
substrate in two or more substrates film uses silicon nitride as a 
principal component, and touches a conductor thin film uses silicon 
oxide as a principal component, a conductor thin film uses titanium and 



platinum as a principal component and a piezo electric crystal thin film 
uses lead titanate as a principal component is obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the diagrammatic sectional view of the oscillator in 
the 1st operation gestalt of this invention. 

[Drawing 2] It is drawing of the cross-section SEM image of the piezo 
electric crystal thin film in this piezo electric crystal thin film. 
[Drawing 3] It is the diagrammatic sectional view showing the structure 
of the piezo electric crystal thin film in the example of the 1st 
comparison. 

[Drawing 4] It is drawing of the cross-section SEM image of the piezo 
electric crystal thin film in this piezo electric crystal thin film. 
[Drawing 5] It is drawing of the cross-section SEM image of the piezo 
electric crystal thin film of the example of the 2nd comparison. 
[Drawing 6] It is the diagrammatic top view of the filter of the 2nd 
operation gestalt of this invention. 

[Drawing 7] It is the diagrammatic sectional view of the filter of the 
3rd operation gestalt of this invention. 

[Drawing 8] It is the diagrammatic sectional view of the surface 
acoustic element of the 4th operation gestalt of this invention. 
[Description of Notations] 

101 Substrate 102 Substrate film 103 The substrate film, 104 Lower 
electrode 105 Piezo electric crystal thin film 106 106' An up electrode, 
107 Bahia hall 108 Air bridge 109 Pad 110 Exfoliation 111 Substrate film 
114 115 Electrode. 
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